Synopsis Dissociation of a D 2 + (HD + ) molecular ion beam is controlled by the time delay of a two-color field.
One of the most promising avenues for controlling molecular reactions using strong laser fields is through electron localization. That is, using the laser one can localize an electron on one nuclei or the other during molecular dissociation. This has already been demonstrated, for example, in dissociative ionization of H 2 [1] [2] , where the proton is directed up or down with respect to the field direction leading to a spatial asymmetry of fragments. Generally it is understood as being caused by breaking the spatial symmetry of the driving laser field, either using a two-color field [1, 2] or the carrier-envelope phase (CEP) of a few-cycle laser pulse [3] .
In a similar vein, we have achieved control over the dissociation of molecular ions using the phase delay of an intense two-color (790 and 395 nm) laser field. Specifically, an updown asymmetry was produced in the dissociation of D 2 + and HD + . The results for D 2 + , shown in Figure 1 , are interpreted in terms of interference between vibrationally-resolved dissociation pathways and are qualitatively reproduced by our 3D time-dependent Schrödinger equation (TDSE) calculations. Explicitly, the asymmetry is observed where the contributions from the 1sσ → 2pσ-1ω (bond softening at 790 nm) and the 1sσ → 2pσ-2ω → 2pσ-1ω (395 nm absorption followed by 790 nm emission) channels are comparable.
In contrast, the more intriguing channel asymmetry, namely the controlled dissociation into either H + + D(1s) or H(1s) + D + , is independent of the spatial asymmetry and is not as easily understood in the language of driving field asymmetry. The fact that previous measurements have shown no channel asymmetry [1] was explained theoretically [4] by the need for a longer wavelength than the typically used ~800 nm. In reference [1] the channel asymmetry was integrated over all the kinetic energy release (KER) range, while we focus our attention on the KER window where a new feature appears when mixing the two-colors (see Figure 1 ). Note that this experiment is the first strong field "pump-probe" experiment of its kind on a molecular ion beama dilute target (10 -13 -10 -12 Torr). We believe that it is an important step towards carrying out time-resolved dynamic imaging and control experiments on ion beams, though further development is still needed.
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